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(57)Abstract: 

PURPOSE: To provide a catalyst for removing nitrogen oxides 
and a method using it where nitrogen oxides are effectively 
removed from waste combustion gas contg. oxygen whose 
amount is not less than the theoretical reaction one to the 
unburnt content of nitrogen oxides, carbon monoxide, 
hydrocarbon, etc. 

CONSTITUTION: A catalyst for removing nitrogen oxides which 
(a) silver or silver oxide by 0.2-1 5wt.% (expressed in terms of 
silver element) and (b) at least one metal element selected from 
a group consisting of alkaline metal elements and alkaline earth 
metals by <50wt.% of the carried quantity of silver components 
(expressed in terms of silver element) are deposited on 100wt.% 
of porous inorganic oxide to form is installed in mid-way of a 
waste gas conduit tube. And hydrocarbon or oxygen contg. 
organic compounds not more than five times the weight of 
nitrogen oxide in waste gas are added on tie upstream side of 
the catalyst and the waste gas comes into contact with the 
catalyst at 200-600°C, causing nitrogen oxides to be removed 
by the reaction with hydrocarbon. 
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* NOTICES * 

JPO and NCXPZ are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the catalyst which removes nitrogen oxides from the combustion gas containing nitrogen 
oxides and more oxygen than the theoretical reacting weight to the non-burned component which lives 
together. In 100 % of the weight of porous inorganic oxides, it is (a). Silver or a silver oxide 0.2 - 15 % of 
the weight (silver element reduced property), (b) The amount of silver component support comes at least to 
carry out support of a kind of metallic element chosen from the group which consists of alkali metals and 
alkaline earth metal 50 or less (metallic element reduced property) % of the weight. It is alike, install and 5 
or less times [ of nitrogen-oxides weight ] the hydrocarbon or oxygenated organic compound in said exhaust 
gas is added by the upstream of said catalyst, said catalyst — exhaust gas — a conduit — on the way — The 
nitrogen-oxides removal catalyst characterized by for exhaust gas contacting and having in said catalyst in 
200-600 degrees C, and removing said nitrogen oxides by the reaction with said hydrocarbon or an 
oxygenated organic compound. 

[Claim 2] The nitrogen-oxides removal catalyst characterized by the inorganic oxide of said porosity being 
an alumina or an alumina system multiple oxide in a catalyst according to claim 1 . 

[Claim 3] In the approach of removing nitrogen oxides from the combustion gas containing nitrogen oxides 
and more oxygen than the theoretical reacting weight to the non-burned component which lives together In 
100 % of the weight of porous inorganic oxides, it is (a). Silver or a silver oxide 0.2 - 15 % of the weight 
(silver element reduced property), (b) It is alike and installs, the catalyst to which the amount of silver 
component support comes at least to carry out support of a kind of metallic element chosen from the group 
which consists of alkali metals and alkaline earth metal 50 or less (metallic element reduced property) % of 
the weight — exhaust gas — a conduit — on the way ~ To the upstream of said catalyst, 5 or less times [ of 
nitrogen-oxides weight ] the hydrocarbon or oxygenated organic compound in said exhaust gas is added. 
The approach characterized by contacting exhaust gas for said catalyst, having it in 200-600 degrees C, 
making said nitrogen oxides and said hydrocarbon, or an oxygenated organic compound react, and removing 
said nitrogen oxides. 

[Claim 4] In the approach of removing nitrogen oxides from the combustion gas containing nitrogen oxides 
and more oxygen than the theoretical reacting weight to the non-burned component which lives together In 
100 % of the weight of porous inorganic oxides, it is (a). Silver or a silver oxide 0.2 - 15 % of the weight 
(silver element reduced property), (b) It is alike and installs, the catalyst to which the amount of silver 
component support comes at least to carry out support of a kind of metallic element chosen from the group 
which consists of alkali metals and alkaline earth metal 50 or less (metallic element reduced property) % of 
the weight — exhaust gas — a conduit — on the way — The approach characterized by contacting exhaust gas 
for said catalyst, having it in 200-600 degrees C, making said nitrogen oxides and lipobiolite-ized hydrogen 
in said exhaust gas react, and removing said nitrogen oxides. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the nitrogen-oxides removal catalyst and the removal 
approach the combustion gas containing superfluous oxygen to nitrogen oxides and nitrogen oxides are 
effectively removable. 
[0002] 

[Description of the Prior Art] In various kinds of combustion gases discharged from internal combustion 
engines, such as car motor, the burning appliance installed in works etc., a home fan heater, etc., nitrogen 
oxides (generally referred to as NOx), such as a nitrogen monoxide and a nitrogen dioxide, are contained 
with superfluous oxygen. Here, nitrogen oxides (NOx) point out a nitrogen monoxide and/or a nitrogen 
dioxide, and mean that more oxygen than the amount of theoretical oxygen required to bum non-burned 
components, such as a carbon monoxide contained in the exhaust gas, hydrogen, and a hydrocarbon, 
"including superfluous oxygen" is included. 

[0003] These nitrogen oxides are set to one of the causes of acid rain, and pose a big problem on an 
environment. Therefore, various methods of removing the nitrogen oxides in the exhaust gas which various 
burning appliances discharge are examined. 

[0004] As an approach of removing nitrogen oxides from the combustion gas containing superfluous 
oxygen, the selective contact reduction method using ammonia is especially put in practical use to large- 
scale fixed burners (large-sized combustion machines, such as works etc.). 

[0005] However, in this approach, the ammonia used as a reducing agent of nitrogen oxides being expensive 
and ammonia have troubles, like that an ammonia injection rate must be controlled and generally equipment 
becomes large-sized, measuring the nitrogen-oxides concentration in exhaust gas so that having, therefore 
unreacted ammonia may not discharge toxicity. 

[0006] Moreover, although there is a non-selective contact reduction method which returns nitrogen oxides 
as another approach, using gas, such as hydrogen, a carbon monoxide, and a hydrocarbon, as a reducing 
agent, by this approach, in order to perform reduction removal of effective nitrogen oxides, the reducing 
agent more than theoretical reacting weight with the oxygen in exhaust gas must be added, and there is a 
fault which consumes a reducing agent so much. For this reason, a non-selective contact reduction method 
becomes effective in practice only to the low exhaust gas of the residual oxygen density which burned near 
theoretical air fuel ratio, and is not deficiently practical to versatility. 

[0007] Then, the method of adding the reducing agent below theoretical reacting weight with the oxygen in 

exhaust gas, and removing nitrogen oxides was proposed using the catalyst which supported transition 

metals to a zeolite or it. for example, JP,63-100919,A - said 63-283727 number - JP,1-130735,A and the 

59th spring annual convention of the Chemical Society of Japan (1990) Two A526, this 60th autumn annual 

convention (1990) 3L420, 3L422, 3L423, "catalyst" vol.33 No.2, 59 pages, 1991, etc. 

[0008] However, by these approaches, although nitrogen oxides were removable at high effectiveness to 

simulation exhaust gas which does not contain moisture, since moisture was contained about 10% in actual 

exhaust gas, it turned out that the elimination factor of nitrogen oxides falls remarkably. 

[0009] Therefore, the purpose of this invention is offering the approach using the nitrogen-oxides catalyst 

and it which can remove nitrogen oxides from the combustion gas containing the oxygen more than the 

theoretical reacting weight to parts for un-burning, such as nitrogen oxides, a carbon monoxide, and a 

hydrocarbon, efficiently like the combustion gas from the gasoline engine which bums on a fixed burner and 

hyperoxia conditions, a diesel power plant, etc. 

[0010] 
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[Means for Solving the Problem] In view of the above-mentioned technical problem, this invention person is 
(a) of the amount of specification to a porous inorganic oxide wholeheartedly about the exhaust gas which 
added the hydrocarbon or oxygenated organic compound of an amount corresponding to the amount of the 
nitrogen oxides contained in exhaust gas as a result of research. Silver or a silver oxide, and (b) When 
making the catalyst which comes to support alkali metal or alkaline earth metal contact at specific 
temperature, it discovered that nitrogen oxides were effectively removable, and this invention was 
completed. 

[001 1] Namely, the catalyst of this invention which removes nitrogen oxides from the combustion gas 
containing nitrogen oxides and more oxygen than the theoretical reacting weight to the non-burned 
component which lives together In 100 % of the weight of porous inorganic oxides, it is (a). Silver or a 
silver oxide 0.2-15 % of the weight (silver element reduced property), (b) The amount of silver component 
support comes at least to carry out support of a kind of metallic element chosen from the group which 
consists of alkali metals and alkaline earth metal 50 or less (metallic element reduced property) % of the 
weight. It is alike, install and 5 or less times [ of nitrogen-oxides weight ] the hydrocarbon or oxygenated 
organic compound in said exhaust gas is added by the upstream of said catalyst, said catalyst — exhaust gas - 
- a conduit — on the way — It is characterized by for exhaust gas contacting and having in said catalyst in 
200-600 degrees C, and removing said nitrogen oxides by the reaction with said hydrocarbon or an 
oxygenated organic compound. 

[0012] Moreover, the primary method of this invention which removes nitrogen oxides from the combustion 
gas containing nitrogen oxides and more oxygen than the theoretical reacting weight to the non-burned 
component which lives together In 100 % of the weight of porous inorganic oxides, it is (a). Silver or a 
silver oxide 0.2-15 % of the weight (silver element reduced property), (b) It is alike and installs, the 
catalyst to which the amount of silver component support comes at least to carry out support of a kind of 
metallic element chosen from the group which consists of alkali metals and alkaline earth metal 50 or less 
(metallic element reduced property) % of the weight ~ exhaust gas - a conduit - on the way ~ To the 
upstream of said catalyst, 5 or less times [ of nitrogen-oxides weight ] the hydrocarbon or oxygenated 
organic compound in said exhaust gas is added. It is characterized by contacting exhaust gas for said 
catalyst, having it in 200-600 degrees C, making said nitrogen oxides and said hydrocarbon, or an 
oxygenated organic compound react, and removing said nitrogen oxides. 

[0013] Furthermore, the second approach of this invention of removing nitrogen oxides from the 
combustion gas containing nitrogen oxides and more oxygen than the theoretical reacting weight to the non- 
burned component which lives together In 100 % of the weight of porous inorganic oxides, it is (a). Silver or 
a silver oxide 0.2-15 % of the weight (silver element reduced property), (b) It is alike and installs, the 
catalyst to which the amount of silver component support comes at least to carry out support of a kind of 
metallic element chosen from the group which consists of alkali metals and alkaline earth metal 50 or less 
(metallic element reduced property) % of the weight — exhaust gas — a conduit - on the way — It is 
characterized by contacting exhaust gas for said catalyst, having it in 200-600 degrees C, making said 
nitrogen oxides and lipobiolite-ized hydrogen in said exhaust gas react, and removing said nitrogen oxides. 
[0014] Hereafter, this invention is explained to a detail. The catalyst used by this invention is (a) to a porous 
inorganic oxide. Silver or a silver oxide, and (b) It comes at least to support a kind of metallic element 
chosen from the group which consists of alkali metals and alkaline earth metal. 

[0015] First, as a porous inorganic oxide, although a porous alumina, a titania, zirconias, those multiple 
oxides, etc. can be used, gamma-alumina or an alumina system multiple oxide is used preferably. 
[0016] As for the specific surface area of a porous inorganic oxide, it is desirable that they are more than 
30m2 / g. The touch area of exhaust gas and an inorganic oxide becomes it small that specific surface area is 
under 30m2 / g, and good nitrogen oxides cannot be removed. More desirable specific surface area of a 
porosity inorganic oxide is carried out to more than 80m2 / g. More than 100m2 / g are especially desirable. 
[0017] Although silver or a silver oxide, and alkali metal and alkaline earth metal are supported by inorganic 
oxides, such as gamma-alumina, so that it may mention later, this inorganic oxide can be used in the 
condition, such as the shape of the shape of a pellet type, powder, and a honeycomb, and form, and tabular. 
Moreover, the coat of the porosity inorganic oxide which supported active species can be carried out to the 
base of the shape of the shape of HAMUNIKA which consists of components, such as heat-resistant 
cordierite and a mullite, and form, and it can also be used for it. The desirable gestalt of the catalyst of this 
invention carries out the coat of the catalyst to the base front face of the product made from the ceramics, or 
metal, and uses it for it. The gestalt of the catalyst of this invention desirable [ one more ] supports and uses 
a catalytic activity kind for the porosity inorganic oxide of a pellet type. 
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[0018] What supported with this invention at least a kind of metallic element chosen from the group which 
becomes inorganic oxides, such as gamma-alumina mentioned above, from (a) silver or a silver oxide, and 
(b) alkali metals and alkaline earth metal is used as a catalyst. The amount of support of silver or a silver 
oxide is an inorganic oxide although it changes with the gas hydrocarbon added in exhaust gas or the class 
of oxygenated organic compound, contact time with exhaust gas, etc. somewhat 100 It considers as weight 
% and may be the 0.2 - 1 5 % of the weight (silver element reduced property). 0.2 It is NOx even if it 
supports under with weight % the silver or the silver oxide of an amount which the effectiveness by support 
of silver or a silver oxide does not become remarkable, and exceeds 15 % of the weight. The improvement 
in the removal engine performance is not found. The amount of support of desirable silver or a silver oxide 
is 0.5 - 10 % of the weight. In addition, in the temperature field of exhaust gas, the silver supported by the 
inorganic oxide is in the condition of a metal or an oxide, and can be changed mutually easily. 
[0019] As an alkali metal, it is desirable to use caesium, sodium, a potassium, etc. Moreover, as an alkaline 
earth metal, it is desirable to use calcium, strontium, and barium. 

[0020] The amount of sum total support of alkali metals and alkaline earth metal is a silver component 100 
It considers as weight % and may be 50 or less (element reduced property) % of the weight. If the amount of 
support exceeds 50% of the weight of a silver component, the removal effectiveness by the silver 
component will fall greatly. In addition, it is the lower limit of the amount of support 0.001 Considering as 
weight % is desirable. In addition, the above-mentioned metal exists in the state of an oxide in the 
temperature field of exhaust gas. 

[0021] Well-known dip coating etc. can be used for inorganic oxides, such as gamma-alumina, as an 
approach of supporting silver, alkali metals, and alkaline earth metal. It is desirable in that case for a porous 
inorganic oxide to be immersed in a nitrate water solution etc., and to carry out a temperature up gradually 
at 100-600 degrees C, and to calcinate after desiccation, at about 70 degrees C. It is desirable to perform 
baking under an oxygen ambient atmosphere, nitrogen-gas-atmosphere mind, and a hydrogen gas stream. 
Finally in the case where it carries out under nitrogen-gas-atmosphere mind and a hydrogen gas stream, 
oxidation treatment is performed. This prevents silver sintering and the fall of the purification property of 
nitrogen oxides is prevented. 

[0022] Next, the approach of this invention is explained. In exhaust gas, ethylene, a propylene, etc. are 
contained to some extent as lipobiolite-ized hydrogen. To not be enough for lipobiolite-ized hydrogen to 
return the nitrogen oxides in exhaust gas, it is necessary to add an organic compound from the exterior, the 
catalyst mentioned above at this time ~ exhaust gas - a conduit - on the way ~ it is alike, and installs and a 
hydrocarbon or an oxygenated organic compound is added in exhaust gas by the upstream of the installation 
part of a catalyst. 

[0023] As a hydrocarbon, an alkane, an alkene, an alkyne, kerosene, gas oil, etc. are used. Preferably, 
liquefied hydrocarbons, such as acetylene, and a with a carbon numbers of three or more alkene (for 
example, propylene), kerosene, gas oil, etc. are used. As an oxygenated organic compound, it is desirable to 
use alcohols, such as ethanol. 

[0024] The amount of the hydrocarbon added in exhaust gas or an oxygenated organic compound is made 
into ? or . less times of * e wei S ht of nitrogen oxides in exhaust gas. When 5 times are exceeded, 
possibility that an additive will become superfluous in many cases and an unreacted hydrocarbon or an 
oxygenated organic compound will remain into exhaust gas is high. An addition is preferably made into 3 or 
less times of the amount of nitrogen oxides. In addition, a certain amount of [ having also used the catalyst 
mentioned above, since hydrocarbons, such as an alkane, an alkene, and an alkyne, existed somewhat as a 
part for un-burning in exhaust gas ] (even if it does not add a hydrocarbon) NOx The reduction effectiveness 
is seen. 

[0025] Moreover, in this invention, the temperature of the exhaust gas in a catalyst installation part is kept at 
200-600 degrees C. The reaction of an additive and nitrogen oxides does not advance that the temperature of 
exhaust gas is less than 200 degrees C, and good nitrogen oxides cannot be removed. On the other hand, if it 
is the temperature which exceeds 600 degrees C, the organic substance added will burn and the reduction 
removal property of nitrogen oxides will fall greatly. 

[0026] Generally, if contact time becomes short, the removal property of nitrogen oxides will fall. 
Therefore, if it is desirable to support the amount of support of a catalytic activity kind, and to support many 
[ and ] amounts of support of a catalytic activity kind fewer when contact time is long and it does in this way 
when contact time is short, the reaction of a hydrocarbon and nitrogen oxides can be advanced efficiently. It 
is desirable to make the contact time which contacts exhaust gas for the above-mentioned catalyst more than 
0.006 second and g/ml with the catalyst in this invention. Here, contact time expresses the time amount 
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(second) in contact with the catalyst 1ml (however, volume converted into reference condition) of whose 
exhaust gas containing a hydrocarbon is lg. Desirable contact time is made more than 0.007 second and 
g/ml. 
[0027] 

[Example] The following concrete examples explain this invention to a detail further. 
Porosity gamma-alumina of the pellet type of example 1 marketing (the diameter of 1 .5mm respectively) 
Under the nitrogen air current which is immersed in the mixed water solution of a silver nitrate and a 
potassium nitrate in die length of about 6mm, and specific-surface-area 200 m2/gl0g, and contains the 
hydrogen of 5 capacity % after desiccation at 70 degrees C It calcinated for 2 hours, respectively at each 
temperature of 150 degrees C, 200 degrees C, 300 degrees C, 400 degrees C, 500 degrees C, and 600 
degrees C, and 2 % of the weight (element reduced property) of silver and 0.5 % of the weight (element 
reduced property) of potassiums were supported to pellet type gamma-alumina. 

[0028] Next, 3.6g of acquired catalysts was installed within the reaction, the gas (a nitrogen monoxide, 
oxygen, a propylene, and nitrogen) of the presentation shown in Table 1 was passed by the flow rate of 
4.41./m (reference condition) (at this time, space velocity was 30000 h-1 and contact time was 0.05-second 
and g/ml), the exhaust gas temperature within a reaction was maintained at the range of 300-600 degrees C, 
and a propylene and nitrogen oxides were made to react. 

[0029] The concentration of the nitrogen oxides in the gas after coil passage was measured with the 
chemiluminescence type nitrogen-oxides analyzer, and it asked for the elimination factor of nitrogen oxides. 
A result is shown in drawing 1 . 

[0030] Table 1 component Concentration nitrogen monoxide 800 ppm oxygen 10 Capacity % propylene 
1714 ppm nitrogen Remainder [0031] The coat of the 1.3 g of the catalysts which supported 2 % of the 
weight (element reduced property) of silver and 0.5 % of the weight (element reduced property) of 
potassiums with the same approach as example 2 example 1 to powdered gamma-alumina (mean particle 
diameter of 40 micrometers, specific surface area of 200m 2 / g) was carried out to the commercial 
honeycomb Plastic solid made from cordierite (the diameter of 30mm, die length of 12.5mm) by the wash 
coat method. Using the Plastic solid which carried out the coat of this catalyst, it is the same conditions 
(space velocity is 30000h-l) as an example 1, and the removal trial of nitrogen oxides was performed. A test 
result is shown in drawing 1 . 

[0032] Only silver was supported with the same approach as example of comparison 1 example 1 2% of the 
weight on the gamma-alumina pellet, and it considered as the catalyst by it. The removal trial of nitrogen 
oxides was performed like the example 1 using this catalyst except having maintained the exhaust gas 
temperature within a reaction at the range of 300-600 degrees C. A test result is shown in drawing 1 . 
[0033] 2% of the weight, Ce was supported with the same approach as example of comparison 2 example 1 
0.5% of the weight on the gamma-alumina pellet, and silver was made into the catalyst by it at it. The 
removal trial of nitrogen oxides was performed like the example 1 using this catalyst. A result is shown in 
drawing 1 . 

[0034] As mentioned above, especially in examples 1 and 2, good removal of nitrogen oxides was seen at 
the exhaust gas temperature of 400-600 degrees C so that it might understand. On the other hand, if the 
catalyst of only the silver component which does not support alkali metal is used (example 1 of a 
comparison), the elimination factor of 500-degree C nitrogen oxides will become low. Moreover, in the 
catalyst (example 2 of a comparison) which supported the silver component and the rare earth metal, 
removal of high nitrogen oxides was not obtained by total-temperature within the limits. 
[0035] 

[Effect of the Invention] As explained in full detail above, according to the catalyst and approach of this 

invention, the nitrogen oxides in the exhaust gas containing superfluous oxygen are efficiently removable. 

Removal temperature (exhaust gas temperature) of nitrogen oxides can also be performed at low 

temperature as compared with about 500 degrees C or less and the old removal approach. 

[0036] The nitrogen-oxides removal catalyst and approach of this invention are widely applicable to 

removal of the nitrogen oxides contained in exhaust gas, such as various combustion machines and an 

automobile. 
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[Drawing 1] 
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*% («7tSUfc*tt) t, (b) TJUa'J&JRxaSfcT* 
*V±aaafcji»fcft4»J:»)»lttLfc^ft< tt-t 

a#a) a»LTft*iwtt*3!rx#»ojiit»uini 
*o 5*jaTo*ffc**Xtt««*«fl:*«*aHin 

L, 2 0 0-6 0 OC(zd3v>-c«3trx«tteiMKi=SM 
tot, «TESl*«il:»i:«rE«fl:**X«i*«l 

a*aft-fr» t *Ri£s*-caieaaafk**a*-*-4 

+*WfcKJ&* J: 0 *v»«E*t 4r*tra*a*r**<ba 

100m*%tC (a) aXttaafl^fcO. 2-15* 
fi% (e%3K«Kc«[) £, (b) r**U^JK7C*4:T^ 

HUM!) ffi#L-Cft*tta«r**r*»»«>ait»u«:a 
u 2 o o~6 o om^^Tfl^'x^frieteSt-S® 

S*, toT, aiEaaaffc»fcaElfc#*+0»9a 
[0 0 0 1] 

im.m±<r>mmfrm *&mtamwutmt&me>w&s 



(2) f^f 6 - 1 7 8 9 3 7 

2 

[0 0 0 2] 

[^*oft#jso f i§^7!> ? w*t<tT ti-*iie] an* 

«Sf#x*i:ii, i&f3<7>&5S?fct <i>U-BStfka§f, -K 

fl:aaa«>aaafka (-fetcNOx toftftuo 

*ITV>4. --T% ftXttfktt (NOx ) fcli-ttfttt* 
ROf/XJiZlBlffcftatJfiL, ri§*JoK^^#trJ t 

70 aa<o*a«*#*a«i-4©U&R««aaa*J:»> 

[0 0 0 3] i oaaaiMfcttBttaoaBa-o fc s 
it, a*&-tw*#ftHSi:ftoT^.&o 
*f»#»(Bi-*»*'x4"«)*E*«fl:*tlifc*i-4 s * 

[0 0 0 4] ja«l<OK*«:#tr«**^X^iba*Rfl: 
ft^^inMiU, at=*a*&B&&aaC 

t»4aww»»a7cffi*»*fflffcs*LTv»4 0 

20 [0 0 0 5] Ltf'Lft^'b, Z<D^mziS^Xlt. 

fc, T -T 14*14 SrW-f- 4-1 t, *Ort:*!>U* 

Bueo r > * - r **a at l ft v » «t u a # * + <o g£& 
ft w*a * w-a l 4 *» r > * - r ax* * wa l * • t 
ftiar ft <bftv^t, -auaa***a t ft 4 c taoH 

B£d*£>4o 

[0 0 0 6] gUft^ftt lt, *a, -afkist 

a. aft*aao«rx«r«7EffltLrfflv», aaafba 

50 i4, »»wftaaafkaoft«a***fTi-4fc*Ki* 
a **>am fc osiaRit.*ja±oa7c#j *«sto l ft 

a-caa Lfca#aa»*oftv»a#;* t:iti-c<o*t 
at * ij, iR.«ttt=ZL<aaw-cftv»o 
[ooo7] i-:t-, 45* ^ hxii-tttuaaaat 

j-^TwsTcffl * iStD l ra^^b^ * a*i- * 

aSKfc (tztz.i£, #^BB63-100919 (^63-28372 

40 7 -f-, ^^^1-130735-?-, Kcrs^ft^aassaa^a 

(1990^)2A526, R*60f*^£ (1990^)3L420, 3L42 
2 , 3L423 , raaj vol.33 No. 2 , 59^- v, 1991^ 

[0008] L^Lft^fb, ^nt>o*sr-i4, *53-* 
^■iftv^ x -7 ft«M^*-^c*t uniav»aa-caaa 

* i o *>t\ aaafbaoa^^^au 

[0009] Lt#ot, ^mnsmt. pnaaaa 
50 *#sj:o ! a*a«*ft-ca«-r4 3!rv'j v>, r 



-2- 



3 

[0 0 10] 

<nm^ *%wmu. tit* ^v~^iftz>^mmm<nm. 
mmtvu t (b) r ;u * 'j &m t tz ar** >j ±m.±& t 

*%Wi%fcLtz 0 

[0011] i-%t>*>, mmmimt. ##-r**B& 
mmmitmi o oit%i:, (a) «xtiffi®Hb»*o. 

2-15ii% (M7n*^»fS) (b) T^*>;&« 
^^r^DL, 2 0 0-6 0 OVl-te^XffiifZrfmZ 

tt«K«ttu tor, frie^tTK^xii^-^^-ft 
[0012] a^ibtjt, 
<ote«^ttii 0 0 (a) mxi*®.mtm>k 

0. 2-i5ii% («7cfit&IHi) (b) 
^Jg7c^tr;u* •j±S^JSt^'b^^P-t •) MiStitz 

< t i>-u<o&]%7tmz$LmfriBW&v> 5 0 *s% 
bit (#jstc^»^) m.&Lxtcz>®m*wifAm i g 

&%0ZffiML, 2 0 0-6 0 ortrioV^rflM'xSrtfrfe 

mxa^m^mt^t *R&2*txmfim.mmitv>i 
z i&*t * c: t z # gfc t -t h 0 
[0013] s?>i:, sstasHb^t. #?ft**«m 

g<0«i1tmfb^l 0 0£4%(C, (a) «XI±ft®Hb^£ 

0. 2-i5it% mitmvimm (b) t;w#>; 

< t i-tt<7>&«7C*$T«l£5ttB}#fi<0 5 0 »«% 



(3) 6 - 1 7 8 9 3 7 

4 

<o;itN;fS:«U 2 0 0 - 6 0 0*C(Ci3V»r^*-X«rifr 

iefiiigit{;&&i!£-ti\ tor, *rifiS*Kffc%itmieSM* 
[0014] hit, *&wzwmz®.w-tz> 0 #§§ipj-e 

ffi^&BWJi, ^?LKO*1fs&fb$Ilc(a) iSXIigl&fb 
%fc, (b) T^^U^JlTC^tT^^'JiW^t^e 

;o [0 0 15] ii\ #-?L«o#t«gl£<b^£ LTti, #?L 

^fb^^15ffli-i.-fc^-e#^>^ 4ffL<(± y - 
r ;v 5 -^-XiiT^ 5 ■?-^1*£-®Hb»£ffi^£ 0 

[0 0 16] #?LR<7)*«Kfb^<7)Jt*ffi«(±3 0 m 2 
/gW_hT*^>^co^*f t LV^ 0 JtSffifll^S Om 2 /g 

**-e** tit^^bftt^eisfeffia^j^ 

<^0, AW^a^-fb^^^S^firi-t^o #?bS* 
tic #i:i0 0m 2 / zVXiL-tfft-i Lv\ 

20 [0017] r -T*? ^^co*ttSS£fb^t-i±ma-r-& 
i *5 u«xi±ffiKfbtf t r ^ * ') t )\>ii x ) ±m± 

30 o^?LS*£^fb^U®fc«f&1±a^ffi^LTfflv^o 

[0 0 18] ^mxit. ±mLfz y -T)Hi-m<r>te 

mMnvvMz (a) Wijummmt, (b) 7;u*'j^ 
^^^o^b^xti-i-^^itfb^was, mif* 

^100 lf%tLT, -?-<7)0.2 -15S4% (®7C^# 
<t) ti-^»o 0.2 **%*ilT-(±, SXiiftK'fb^wffl 

OffiXI±«Kfb%*S#LTt, NOx 0^*14t|<7)|fil± 

-10S4%T-^>-i>o ^J3, 4S^fb^It;S«F?^7t:a 
(±, Sf**^.^i£K^ltT>l±^X(±Slfb^w^J-* 

[0 0 19] T;i-* 'J^JSt L-TI±, -tv^A, h >; 
50 [0 0 2 0] 7;w* M^TclSt, r^* 'J±a^JS<o-g- 
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(4) 



$tffl¥-6 - 1 7 8 9 3 7 



ffiifiOTSUiSrO.OOl li%tt^W^»iL 
[0 0 2 1] y-r^s+^^lSKf^t-m^T^* 

m&*mm^i-0rK9<vmmmtv>}*£:mL. 7 ore 

St-e«t, 10 0-6 0 0 , CT*g|£imi#iSLT&j& 
[0 0 2 2] *IIW<7>:fri£t;ov>Tl£9J-f £ 0 * 

a sacs- i*t*o ssaftfl:*** 1 **'**^* 

»Effl9 ar * + u atf t**x *18f frfrft * ma 
t-s. 

[o o 2 3] #tffc7lc3&fc urii, 7;w#>, 

fl§v>4oa*isf i Lv^ 0 
[0 0 2 4] »« , X*U»tPi-*Jlfeffc**X«««*' 

<75 3f&WTt-t4o &i>\ »«-^tfUI±, *«I*tL 
*v4o 

[0 0 2 5] Sfc, MiraMMfcuiMt* 

}##*X<7>fiK£ 2 0 0-6 0 0 ti:fo„ |##*XOi£#C 

* f 2 o o t:*ai-c* 4 t $DD» t S^Kffc^ t ORIS** 
v> c —2k 6 0 0T;£j@-fiag ti"4 fc, rS=iraS*i.4*- 
■f 4 0 

[0 0 2 6] HttU, «»B#W* ? S< &4£Sfg®tfb» 



0. 0 0 6U? • g/mlW±ti-4 0*f4f i Lv» 0 CI 

r\ mmnrnit. §titik.iisi&irt&®#x imi 

UWWK«U=**Lfc#«) **1 g t^ATf 4 P$ 

ID (IW £StLTv>4 0 »i Lv>«teB#HI±0. 00 7 
# • g/mltl±i:-t4o 
70 [0 0 2 7] 

^uSi^i-4o 
1 



5mm, ft££)6nin, JtScMf»200 m 2 /g) 1 0 g £5£ 
&&i5g&#'; *AO££-*?8ifcKSatU 7 OICT-g 

5«*%«J**t*trtt*«StT-C, 15 01C, 
2 00t, 3 0 010, 4 0 0t, 5 0 CCS.^6 0 0°C 
0&a*t^*L^-*i2B#H&JiS;U ^l/7fft 7 -7^ 
20 5*UttLT«2**% (7C*»*tt) , RtfaU^A 
0. 51f% tfiftfLfco 
[0 0 2 8] f»e,*tfctt«3. 6gtElt.trti: 

nfw, ava*) fr«»4. 4 >j -y h )v mm*k 
B) <nm.m-cm.Lx coti, ^wa8?i±3oooo h- 1 

T"*>9, Sftl!B#Pfl(i0.05^ • g/mlT**o7t) . SK>« 

I*IWflf*"xag?=£r3 0 0-6 o otweacftt,, rn 
[0 0 2 9] RlB«aa«0 3!r^>fOft*Blft»«)»K 

50 ^ft^fs^am^fb^^wtht; <t <o »M5e a*^fk 

[0 0 3 0] ^1 

mm. 

— SEfba^ 800 ppm 

10 $4% 
7*ntfv> 1714ppm 

mm 

[0 0 3 1]: 

40 l4 0/<m, itSIf 2 0 0m J /g) i:l2ff% 

ffl) *fiJ»Lfcj»«tl. 3g^ M03-/J:7n 

(tS3 0mm, fi?12. 5mm) 
Sl±3 0 0 0 0 h- 1 ) T% fi*StfbW<0|**R«t*ff-a 

/Co umm&zm i u^-to 

[0 0 3 2] JtttWl 
50 <fc£2mfi%ffiJ#LTftl!i»fc Lfc 0 COflkMEfcfflvs R 
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(5) 



j£Srfl«r>Pa-*i£l£«:3 0 0- 6 0 OtOftlCSot 

[oo3 3i &MM2 

2mg%, CeiO. 5£S%tH#LT«&i: Lfc 0 .1 
<0DM»t«rfflv», *t*m £H«ULTS*B*fl:»tf>|lfc± 

10 0 3 4] a±*?,M»4 J: i C, Uttfl 1 , 2 UJJ 
V»TI±, # U 4 0 0-6 0 0 < C<0^« , XiaS-CS3Rffi'ft 70 

L4v»««»0*0|Mlt*fflv»4t (Jt««l) > 5 0 
0t-CO**»ffc*W|!ft***«e<«r*o «A» 



fi¥6- 178937 



[0 0 3 5] 

ft («is*rxa«) 1 5 o o-csKJ-rFt, ztnr-<7>f& 
[0036] *&W(ommmt®im£:mMRv ! *&it, 
p&* izfc < fij fla -r z, z t &x- # & o 

[H 1 ] Xttfli 1 , 2&r/Jt«{ajl> 2(=glt£ftMr* 
4. 
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